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OFFICE OF THE SURGEON GENERAL

WASH INGTON 25, D. C.
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SUBJECT: Reappraisal of Biomedical Project “Hardtack”

TO: Chief Location m-TIC

Armed Forces Special Weapons Project ACCC=,~,<;.68- A17?3 @mK3&
Washington 25, D. C.

FolJ,r9?4=SZX#_M&74CK -

P =~-~- 1958.——

1. As a result of the rescheduling at the Nevada Test site with
a new firing date of 12 October 1958, I asked Colonel Maupin to obtain
from the Project Officer, Project 4.2, a statement of his capabilities
and requirements. A copy of this report is attached. I have consklered
the suitability of the Eddy and the Grizzly events and feel that the
Eddy shot will not give data applicable to the Army weapon. Consequent-
ly, this paper assumes participation only on Grizzly.

2. I believe that, inasmuch as additional swine can be obtained
if contracted for this week, the Project can mount an effort which may
secure useful data on all objectives provided the yield lies within the
range of 15 ~ 10 tons.

3. It is recognized that any other factors in addition to yield
variability, such as postponements, failure in logistical support$
additions to or around the device which would disturb radiation effects,
will further reduce the probability of obtaining useful data.

4. Inasmuch as the Project Is already in the field, the necessary
animals can be obtained, and the experi~nt is well designed, I think
participation should continue with a view toward obtaining any data +).

‘ >$possible under the circumstances.

5. I concur in the requirements contained in the Project Officer’s
report and urge your assistance in meeting them. In addition, I am con-
vinced of the feasibility, desirability and importance of the AET sub-
project requested in paragraph 2 of his recommendations. I request,
therefore, that it be included, subject to non-interference with other
projects.

6. With respect to recommendation number 1 in the attached re-
port, I believe that the Project should proceed on the assumption that
the requirements will be met to the extent that useful data may be ob-
tained. 1 concur in recaknendation number 3.
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SUBJECT: Reappraisal of Biomedical Project “Hardtack”

7. I am convinced of the capability of the medical unit under
the Project Officer to take maximum advantage of all opportunities to
effect a successful experiment. Nevertheless, there ●re additional
factors, as -ntioned in paragraph 3, above,and in the Project Officer’s
report, which may result in failure. A full knowledge and awareness
of those factors must be recognized. Failure for any of those reasons
lies beyond my control and responsibility.

8. I believe and hope that the Project will yield vital data
applicable to this category of weapons as well as basic information of
critical importance to the understanding of biomedical effects of nuclear
weapons in general.

--- -

3 Incls
1.

2.

3.

Cy of Memo fr Proj Major General ~j
Off 4.2 to Col Maupin The Surgeon General
subj “Capabilities of
Proj 4.2 to Meet New
Objectives and New Shot
Date, Operation HARDTACK
-- Phase II”, dtd 15 Sep 58
Rpt 2, Proj 4.2, dtd 12 Sep
58, Cy
Initial rpt, Proj 4.2, dtd
12 Sep 58, cy
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ExPERIHmTALm——
The MVY CRO-

tactical ntauirement -

ProjeM No. 11.z
Report No. ~
Date mp 5i

veapon system was assemtied b meet a specific
that of putting into the hands of the frontIAne

soldler a w6apon that would m duce strong points nhich from past
experience had not proven vulneraltleto HE and at the same time would
net tiny oxknaive ground -S b CUr ~ troop ● It was felt that
these areas could be reduced by using radiation as the pri.nd.plelethal
factor. %liththe development’of the weapon system It became a necessity
to evaluate fran the user:s 8tandpoin*:

$ 1. Canthe weapon do tit 1% h expectid to do - deliver a

I
lethal dose of radiationinside● protected en~nment, and

J
,

ml ; i
2. Is there safety for the “user” within the system? , 210.

/ A. b;

& m; -:
- *J Previous field experimentation has develeped the fact it Is difficult
~ ~ ~ ] to extrapolate from a physical mess-ment to a predicted biological

th ~~ ~ I response, particularly in a large animsl, uithout considerable experience
? ~ ~i in correlation of **8 responses. It was Merefo= elected to evaluate
~ w} e ~ this particular weapon system using biological specimens, and specifically
J
: :’@! tor
L.4 z
<2 a. Determinethe immediate lethality ‘responseof swine in protected

(franb@st and thermal) environment. (Sib-project 4.2.1) -

b. To obtaina relative blologtcal effectiveness (RBE) for weapons
neutrons through determination of the mid-lethal dose of fifty percent
of the -hals exposed after t+kda%ydsys (ID ~/30) in a biological
specimen from both gamma and neutrons and gamma and fractionated neutrons.
(Sub-projects 4.2.2 and 4.2.s)

c. Bmus radiation measurements are to be carried out; specificaUya.
t

.1. Induced actidty in Nevada soil, and

‘2. Chemical dostieter calibration. .

(Sub-project4.2.4(Rogram 2))

B. Background and Theory.
—/

What is the Isdmdiatelethal dose for mfi? Most individualsreferto
this dose synoncanouslywith tie immediateincapacitatingdose for man.
In a biologicalexper-tient,usiqg largeanimals,thisimmediateincapaci-
tatingdpseis extremelycliffIcult to attainin the laborate~ and is
reporteden by very few wrkers - none of whom have used the swineas the
ex&i3nental ‘inimal.In addition,&y informationon cMnica3 incapaci-
tationin a largeanimalwould be very difficult, if not Impossible, to
extrapolate to man. Because of this we have selected the immediate lethal
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dosein the experimental animal.as the criterion of tacticaleffectiveness
~he systemunderevaluation.What is this dosein thepig? To our
knowledge this is an unknounquantity. We do have data on the omountof
bomb radiation - ti air, plUS burn - to result in lethality In the swine
with a mean time of death of thirty hour .~ T~s dose w 1~,050,thetotal
rep de13veredin conjunction27.5cal/om (ITR-1428,OperationPLUKSBOB).
Massiw doses, up to 16,000r total tmiy irradiation, have been dellverud
to the pig with the 2 MEV Van der Grad at the National Institutes ●f Health
ulth a dose rate of about100 r/rein. These animals have surdved an long
as three days.

Sane programs teach ~ r praupt whole body irradiation delivered to
man is an immediately incapacitatlngdose. Sme observersstatethat it
mightrequire25,000r to incapacitateman. No one quotesan immediately
lethaldose. To evaluzrtethe present systemwe have electeda minimumof
= =Wedd - for the e=peantal animalto receive25,000r
delivered to the animal in his particular shielded environment. Whether
these dose levels can be achieved with the system without subjecting the
environment to impossible blast over-pressures remains to be seen. It b

doubted.

Bab neutrons assume more and mere importancethe smallerthe yield
of the weapon. In the smallweapons,such as we till evaluateit is of
cms$derable Importancebecaueeaf the high neutronfluxes.

While the neutronME for acute effectsfer stineis not lmownfor
certain,it Is knownwith a good degreeof rell.abilityfor mice as a result
of several previousfieldtests. The use of mice In tb prqgram will,
tb’eafter$ allow the use of a biological dosimeter as well as physical
dostieters, to measure,the effective total.dose of radiation delivered.
The range in the M.teratuzm for RBE extends from one @f 0.3 to 2.0,with
acute lethality as an end-point. In the swine, of tk edze it h projected
w use, it might be as high as 1.8. To actuallycomputestationdistances
from groundzerowe haveused an RBE of 1.3 for swine, and 1.7 for mice.

Considerable work has been done in an effort to measure separately
the air dose and tissue dose du to gamma and neutron radiatien. “h all
inclusive technique encanpassing all significant variables, adaptable
to field use, and of acceptable accuracy, has yet to be demonstrated.
More success has been obtained in the measurement @f ganma radiation than
for neutronfluxes$ but there remain many unsolved problems in both. (See
Appendh A)

Sub-project4.2.1. Eighty-sevenswine. To detexndm’Immediate
lethalityit is required to observe visually these animals that are
pt)sitionedin the pretected - fran blast and the~~ - enfi~~~t.
‘Immedlate$Jhas been said to be as seen as the sbservere con enter the
area within the safety limits as aet up 4y the Test Mrecter. If it iS
determined that observers cennot enter the area until as long as H + 2 .3
hours, then any findingwould,of necessity,have to be extrapolated.
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s1.xty foxholes-- U ●pen faxhles C()- Mg 1), 2h two-thirdsclosed
foxholes(# - H 2) arid12 off-setfoxhohs (o- Fig 3) trillbe positioned

Ifram 5 yardsto O YtiB from _ izeroe At tiese tist=s it ~
calculatedthesefortfli.catiomuill receiveinside2s$000rem -= using a
weaponyield of 10 tens

t
- a read from 5 to 2_* There are five M=ti

tanks posiwmed at 25, 35* 5, 55 md & m - PODd se=’ NO ~59
ammed personnelcomiem are poeltioned at 60 and 70 yardsfran ground
ser.. Those -*rod vehiclesare positionedsuch that the ealculded dose
delivuredInsidethe veMcle 1S 25$000 ZYMU*Wh Of these shel~?g fl
contain ●ne instrumented pig (See Appendix A), and ethers if avaihble.

To evaluateprotectionfor tl’muser, animalsare stationedin open

pm at 650$ 700~ 750$ .nd 800 yardsfrom groundzero. Simplec3in$.cal
evaluationfor a minimumof 21 &ya pO~SUIW iS carried Out.

Sub-projeot 14.2.2.Three huncbmdand sixtyswine. Swineuei.ghing70
to 90 poundsare exposedm two axes from groundzero in sucha fashionthat
one axis (south) is to receivea high neutronflux -- gmma ratiodose (3~1)
and the ether(west) is to receivua low neutronflux - gama ratiodose
(1:2). (SeeD. Shot PartlcipatLen)The =Amals are exposedas on pzwvUJUS
field expri.mmts in aluminumcylinders at X yard intervalson the west
line and 20 yard intervalsen the southline and at suchdistanoesthatthe
animalsexposednceive from 300-700 rem h 0. Therewe fflteen
pointson each line and ten of the fifteenptdntshave threei.nternaUY
dosimetoredadmals (AppendixA) to correlateuith measuredair dose. After
exposurethe animalsare ebservedolinicaUy fm a minimumperiodof thirty
days. Swine receivinglethallevelsof radiationwillbe ebservedat four
hour Intemale, apd all othersare observedon an eighthour schedule.

Those animals which have been altered by having been internally
dosimetered are evaluated with peripheral white blood count (WSC) and
differential. Examinations are made pre-irradiation, for baok-ground$axxl
at least on the 2nd, kth,6th, 8th and loth days afterexposureto the
weapon. Additionalcountsare made up to 21 days post-irradiatimdependent
upon the response obsemd duringthe M-day post-irradiationperiod. All
WCs are by the ‘Pin=headntechnique. In additiona pmUel studyof the
blaodfrem at leastone animalfran each point uill be evaluatedby the
standardchambercountingmethod.

All wine are weighedpriorto &xposureand ●n the Srd, 7th, 10W,
lhth and 21st days &r ~adiation. -

Irradiatedswinefrcmall stationsare ebservedat leasttwice
for signs of epilation,melena,hematemesis,centralnervoussystem
turbancesand otheruntowardclinicalsymptoms.

daily

AU anima3adyingduringthe observationperiodwill have as sophisticat-
ed a post+nertemstudyas is requiredto estqblishthe causeof deathfer
supportof the program.

Concumitant3y,a controlID o so studyis carriedout at WalterReed
Army Instituteof Research. Sixv animals,of the same grouputilizedat

?
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the NTS, are eqosed to high energyx-irradlatimat six expemre points
straddMng a pm3vi*MlY Ate-d ~~ 3 ●f 5~ ~@ ~ ‘e
exposedat the NationalInstitutesof W athunder the214EVVmder OX
unit at the time the animalsare exposedto weaponirradiation.

.trai?i?i”

Nineteenhundredand twnty WalterReed - MOO
female mice are exposed,weighingapproximately25.0

grsmsat exposure. The axesfor eAimalplacementparallelthatfor the
* ewine,and, as such,on ene axisthe totaldose ●f irradiati~ conslgtsof

●t least8@ neutronflux (southaxis). This is fe=ibh on t~ b~is ~
wapen geometryand withoutsophisticatedsMelding otherthan to avoidthe
themnalfhnc and to preventblastinjury. The secondaxis for animalj?lace-
ment is suchthat the totaldose of irradiationdeliveredcensists ef 80%
gammauith 20% neutron flux contamination(west-s). Animalsare exposed
in aluminumand lead hemispkres (1’fR-l.167,operationT~~-C~ssified) fi
sucha fashionthat thereare fMteen aluminumstationson eachaxis and on
the southaxisthere are fWteen lead hemispheres~ Dispwition is such that
the statianscovera dose range sf 300 to 1000 rem, with fortymice at each
point●

As seen a8 possibletiterexposurethe mice are recoveredend returned
to the animalfacility. Twentymice from each pointwill be simplysbsemmd,
uith deathas an endpoint,for thirty@s (D~O/ ). Ten mice
pointare to be sacrificedat 96 hours,and ten z ce sacrificed
●vm the 30 day ●bservationperiod. At eacrtiicethe following

fr-meach
serially
are carried

out2

1.

2.

3*

4*

5*

6.

7.

.
8.

net spleenweight

t@nus wight

small intestineweight

total peripheraltiitecell count

differentialuhite cellcount

gross body weight

total bene marrowcountd the rightfemur

and appropriatee histologicelsectionsare fixedas demanded.

Controlmice for serialsacrificeare givenidenticalfieldhandling
and exposureconditione, but withoutactualradiationexposure. At Walker~,~.,!?,.
Reed Anqy Institutiof Research,afterreturnfranN’fS,mice of the same ~;.\.i,”..
strain,age, weight,etc. are to be subjectedto an ID

%@
studywith

analysisaf parametersidenticalto the fieM study. shouldmake RBE
estimates even more m liable.

Sub-project 4.2.4. See Program 2 experimental plan.
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D. Shot Participation. ~

Ideally any bhwdlcd effects progrommust have a predictableyield
to obtainsignificantdata. In addition,to obtaina fractionatedneutron-
gammafluxa shieldis placed on the 10U ncutromflux axis (west)to get
radiationlevelstit contributeto an RBE ~cgram. Becauseof the require-
xnentto visuallyobservethe animalsIn the protectedenvironment, and to
documentwith photography,if possible,tkir clinicalcourse,time of
detonationof the weaponis suchthat therewl.11be do@ight for recovery.
Becauseexcessiveperiodswithoutwater altersthe experimentalanimal,he
teleratesit vexy poorly,and it contributessignificant~to morbidity,
and maybemortality.

We positionthe animalsfor ~osure at a maximumof H - 5 hours.
Repeatedhandlingand excessivetraveling In vehiclesis poorlytolerated
by the stine,ond If th animalsare tronspertedand positionedmore than
twice on successive days they must be alloweda four to five day periodts
recover. In the event the devicedetonates“one-point”,with resultant
contaminationof the area, or the deticedetonateswith an insignificant
nuclear@eld some animalswill be availableto participate●n an extremely
limitedscale,within 1(1days.——

F. Instrumentation.

Air gammaand neutronmeasurementsaremade on threeaxes - north,
southand west. Swine have mid-linegammaand gsmma-neutronchemical
dosimetersystams. (SeeAppendixA)

To canplemwt vMual observationof lethalltyh the 4.2.1programa
systemof telemeteringelectrocardiographic{ECG) signalsfrom fifteen
selectedswineat the closer in stations5.sconsideredfeasible. Witi tm
methodimmediatelypcwt-detenationthesestationsare scanmd by receivers
and if no signalis returnedthe animalis presumeddead untilvisualcon-
firmationis carriedout. In addition,protectedfrom blast,are transist-
orizeddirect-uriter recordersrecordingfrom each of the fifteeninstrument-
ed animalspulseand respirationrates (13& RR). At this momentof report-
ing, timingsignalsare requiredin supportof thisprogrom.

I%esentStatus.——

Caplete implementati~of the experhnental.plan of Project4.2 awaits
only definitiveweaponinformationand date of detonation.
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